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SKID-RESISTANT CHARACTERISTICS OF EXPERIMENTAL
BITUMINOUS SURFACES IN ILLINOIS

SUMMARY

A number of different fine dense-graded bituminous concrete mixtures were
placed as experimental pavement overlays between 1965 and 1971 at 17 sites in
T1linois. Because bituminous overlays are used frequently as a method of elimi-
nating slippery pavements that contribute to skidding accidents, skid resistance
was a prime factor used to assess their surface behavior. The knowledge gained
from these tests was needed by design and by traffic engineers for improving and
maintaining skid resistance of pavemeﬁts, especially at intersections and at
curves where stopping and turning maneuvers are eritical.

Comparative tests were made at each site with a skid-test trailer, and
tests were made usually twice a year, Using skid numbers derived from these
tests, the skid resistance of each test section was plotted as a function of time
and as a function of accumulated axles that pass over a test section. As trends
developed, it became evident which mixes were acceptable, marginal, or unaccept-
able as skid-resistant surfaces and why each mix seemed to fit into a particular
category.

Of the bituminous mixtures tested, surface texture as represented by both
macroroughness and microroughness appeared to be the most significant factor that
influenced skid resistance. When air-cooled slag or Synopal, both having excel-
lent microroughness, were substituted for or blended with limestone that has
jittle microroughness, they improved the skid resistance of that bituminocus sur-
face. Moreover, results of tests suggested that blends containing at least 50
percent by volume of the coarse aggregate having the better microroughness wefe

more effective.
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Regardless of the kind of aggregate used, there appears to be an optimum

coarse aggregate gradation thet will provide the highest gkid number. For
example. Illinois’ Bituminous Goncrete Surfece Course (Cless I) that has 1/2-
~inch top in size aggregate and . retains approximately 60 percent of the aggre-
. gate above the No. 10 sieve,'provided higher skid numbers than either sand‘ |
aSphelt or binderrcourse'mixes.‘ In addition to gradation, blends comprised ofA
_hard and soft aggregates which ‘wear differently maintained good macyoroughness
throughout the life of the surface

Because coarse rather than fine aggregates control skid resrstance of
bituminous concrete surfaces, comparative tests confirmed that substituting
stone sand for natural sand in a regular Class I surfsce course mix made no -
;significant change in skid resistance. o

Furthermore, ribber additives, which enhance the structural behavror of
"_thin bituminous overlays by changing the physical properties of the asphalt
‘binder, have no significant effect on skid resistance of the surfaces examined.

Of the surface and binder course mixtures tested Synopal (50 percent) and-
lag were rated as acceptable (SN above 36), and . crushed gravel and Synopal (25
percent) were rated_as merginal (SN 30-36). Aithough surfape course mixtures are
preferred3 gand asphalt surfaces such.as-Gripstop;_Tapiseble,‘slag sand,.aud
coarse natural sand seals alsp were rated aeeeptsbie, while trap.rock,‘wetrbottom
hoiler elag, end stone sand‘(limestone).seale were rated marginel. After review-
ing the’ bituminous surfaces included in this stud;. it seems apparent that;bitu-
minous surfacea designed for optimum macroroughness end microroughness should -

- provide acceptable skid numbers regardless of wear, and bituminous mixes that

produce a smooth texture obviously, should be avoided.



Seasonel varletions up to 10 skid numhuw occurred at sltes where Hard
'eggregates,,above 5 on Mohs' ecale, prevalled ‘For the same number of axle
applications, similar mixes exposed to rural and to urban expressway traffic
‘showed the 1atter to have a ekid resistance as much as 4 skid numbers lower.

This Tower number reaulted primarily frcm observed contamlnaticn contlnually
building up cn the surface and from a greater velume of heavy trucks on urban
‘expressways. On the pther hand wear ‘was more predominant on surfaces com-
priséd of soft aggregetes, 3 to 4 Mohs' scale, when)exposed.to high traffic
volumes. o ' : o - - o G

| Skid number-speed gradlents as determined frcm the test sites at Trcy
ranged from 0.6 to 0, 8 whlch are representatlve of the flnentextured surfaces“

according to Kummer and Meyer..B/ They reported gradients of 0,2 for. coarse-

_textured‘surfaces to 0.8 fcr-finertexturedrsnrfeceg,



| INIRODUCTION
| o .‘ | i
Since the eerly 1920ls, vehicle speed and’ vehicle reglstration have risen
'continually and have added to a national concern over an ever- increasing number
of . skidding accidents. Although the skid resistance of dry pavement usually is
excellent, the skid:resistence of a wet pavement is reduced on the average by
one half of ite dry value This frictional 1oss, which contributes to skidding.
eccidents, is more critical at intersections and at. curves where stopping and
turning maneuvers occur than along a: straight section of highway In some cases
skidding can be’ reduced by increasing only the skid resistance of the surface,
‘but in other cases, changes in roadway alignment, in cross-section, in signs, -
and in pavement msrkings are necessary Illinois like msny other states, sharesh
this concern forslipperypavements and undertook in 1967 a research study of peve-_
ment skid resistance in cooperation with the Federal Highway Administration.
The objectives of this research are (1) to develop new eqUipment or iuprove :
'existing equipment for determining the skid reSistance of highway surfaces (2)
to determine the skid . resistence of highway pavements intersections, and inter-
changes, (3) to study the polishing characteristics of eggregates used in pavement
: surfaces, (4) to develop an economical means. of increasing the skid resistance of
.slippery pavements, snd (5) to assemble &, more pcsitive body of knowledge _concern-
ing skid resistance for incorporation in highwey design and ssfety policies.
"' The study has been divided into five phases corresponding to eech objective
"~ of the reaeerch Phase i, which deals with development of equipment has been
completed and is described in two reports., The skid test system hag . been
deseribed by Kubiak in an 1nterim report entitled "Selection and Design of a Skid
Tester "ol ; | B



,A second interim repcrt entitled “Modification’and Calibretion of the I1linois
Skid-Test-System”._j_ by Knbiak and othepg-v‘g Rublished,completing the work |
in Phase 1l.- field work‘for both Phases 2 and 3 has been completed, end anelysis"
of these data is under way. ° | -

This interim_report'describes 17.experimentei bituminous surfeces that‘have
been tested as a part of Phase 4, apd presents the changes in skid resistance
that have occurredto these surfaces with respect to time and-weer.__Site selec-
tion, test equipnent, end test'procedures are discussed tréefly. Finally, each
meteriel is rated for its acceptability as a skid-resistant surface.

Phase 4 involved selecting and testing pavements where improvements for
‘skid resistance have been'made to existing surfaces. The experimental surfaces
ldiscussed here are grouned es;either multipler or Single-test seetions. Multiplen-
_'tesg sections are Where‘twc cr mcrelexperimentai mixtures neve heen placed at the
- game geographical location‘and are expcsed to the same traffic and climate.
Single-test secticns; on the other'hend ere Where one experimental mintur{ has‘
been placed at one geographical location‘so that each experimental surface; is
iexposed to a different treffic and climete. S o SR

Because new experimental mixtures are pleced eech year, the testing in
Phease 4 is continuing in nature | Nevertheless, sufficient skid tests have been
accumuleted now to indicete which experimental mixtures show promise as sk’d-
| reeistent surfaces. Of the several different aggregntee thet hsve been tried,
none have exhibited outatandingly superior ekid~resistent qualities, but surfaces_
containing aliy- cooled blast furnace sleg, Synopll Tapisable, naturel send and
‘Gripstop have performed satisfectorily and’ are coneidered acceptable for upgredint

slippery surfaces. _ e



STUDY DETAILS

In Illinois, a number of experimental bituminous surfaces which have been
1

placed as either product development’ or safety improvement projects have been
and still are being tested for skid resistance with the Department ] two-wheel

skid~- test trailer. This section describes gite selection, test equipment and

procedures, and analysis procedures used to evaluate these experimental mixtures.

3 e Seld jon_dl
. Over'the years,'the‘Department of Transportation has taken advantage of

new products that appear beneficial to highway'construction and maintenance.
Several proprietary mixtures, additives; and manufactured aégregates that are
being_tested include‘skid resistance'as'onelof several‘parameters that are being
eValuated. In some cases, several experimental mixtures are p1acedat one Vite
along a roadway where improving skid- resistance of the existlng surfaces was not
an objective. At other locations, experimental mixtures ‘that substantially
improve §kid resistance are being sought to reduce skidding accidents at a- particu- o
(I site. - |

Experimental bituminous surfaces have been placed as part of two safety
improvement projects aimed at reducing accidents on wet pavement surfaces through-
out the state. One project provided for installation and investigation of: various
skid-resistant materials. In June 1970, this project was discontinued after 16
sites had been improved. | | | .

! : : .

The other project frod which experimental sites were: obtained was the

"State of Illinois Spot bafety Improvement Program' which was directed toward

reduaing accidents at known high-accident locations. In this program,,the

'improvement of skid resistance was- only one of several types of improvcments that



could be financed with safety funds. At locations where a number of skidding
accidents had occurred on wet surfaces, experimental bituminous mixtures were
placed over the existing surfaces to reduce the possibility of skidding.
Results of skid~test measurements on these surfaces are presented later in this
réport.

Thus, product development and safety improvement projects, which span the
State, have provided numerous sites from which changes in skid resistance of

experimental suxrfaces can be evaluated.

Test Equipment and Procedure

Skid.tests were made with a two-wheel skid-test trailer developed by
Illinois for measuring pavement skid resistance. The skid trailer, which has
leaf springs, electric brakes, and a brush water applicator, is capable of making
either single- or double-wheel lockups.

In general, all ékid tests that were made on'experimental surfaces were
made in accordance with ASTM Designation: E 274-70. Except for one site where
a skid resistance speed-gradient nwas determined at 30, 40, and 50 mph, all other
tests were made at 40 mph. During each test, water was applied to the dry pave-
ment in front of the test tire just prior to and during the 3-second brake lockup.

~ The number of tests made in each lane varied according to the length of the

site, But the minimum number of tests per lane was never less th;n three, Two-
wheel lockups were made on surfaces relatively short in length to qbtain an ade-
quate sample, whereas sites that were one or more miles long were tested with at
least six single~wheel lockups. The skid resistance resulting froﬁ testing these
surfaces is expressed in terms of a skid number which is defined as the friction

coefficient of a tire sliding on wet pavement times 100.



Method of Evaluation

The three principal factors that contribute to pavement slipperiness
according to Kummer and Meyer 3/ are: (1) amount of water at the tire-pavement
contact area, (2) pavement wear and aggregate polish,; and (3) vehicle speed.
Assuming the amount of water placed in front of the test tire and the vehicle
speed are held constant, changes in skid number from one test to another test
can be attributed primarily to pavement wear and aggregate polish.

_ The chief factor contributing to pavement wear and aggregate polish is the
number of vehicle axles that paés over the pavement surface. 1In general; as the
number of axle fasses accumulate, the skid resistance of the surface decreases.
To a lesser degree, the load on the axle influences the skid resistance of the
pavement.

A special 'study conducted during the AASHO Road Test suggests that heavy
trucks reduce skid resistance of a surface more than light (2000-1b axle) trucks.
Also the study showed that, for the same wheel loads, tandem axleé-were found to
reduce skid resistance more than single axles. 4/ "Although wheel load apparently
affects skid resistance, no procedure for determining 1oéd effects has been
developed. Consequently, a factor that takes into account weight was not used
in computing the number of axle applications that passed over a test section.

Skid resistapce as a function of time and as a function of accumulated
axles has been examined for all test sections. Ideally, comparisons of skid
resistance for different surfaces should be made under the same traffic and
enviromment. Yet, almost all of the experimental test sections contained in
this study are at different geographical locations where they are exposed to dif-
ferent traffic and climate. By using the number of axle applications as a common
denominator, a comparison of skid numbers for each experimental mixture can be

made.



Recognizing that the skid re51stance of a surface fluctuates, a three-

, level adjective rating was established as a guide in rating the experimental

'mixtures. Because no standards have ‘been adopted as yet for skid reSistance
‘ il b
the ratingg were based partly on tentative recommendations in Natiponal Cooperae

tive Highway Research Program Report 37, and partly on our own' experience These

ratings and corresponding skid-number ranges are as follows:

Rating Skileumber
Acceptable  Above 36
Marginal - 30 - 36
Unacceptable ' Below 30

An acceptable ratlng assumes that the skid resistance of that bituminous
mixture should satisfy normal frictional needs of traffic and should be con-
sidered for improv1ng the skid resistence of 2 slippery surface On the other
hand, bitumlnous mixtures haV1ng a marginal rating may satisfy frictional demandg
in urban areas and at locations whereloperating speeds are 1ess than 35 mph. | When
a bituminous mixture receives an unacceptable rating, obv1ous1y it should not be

used to improve the skid resistance of a‘surface,

RESULTS - MULTIPLE TEST SECTIONS.s
Multiple test section experiments, which: comprise two o more experimental

mixtures placed at one site for comparative Purposes, have been placed in CthHgD,

near Pontisc, and near Troy Included in the testing at each site was a compar1~

son of the skid'resistance.‘ A description of each experiment is presented here

snd is followed by a discussion of akid-test results

¥

Synopal, a synthetic aggregste, has been obserued'as:an expetimental paving

Synopal Limestone - Pontiec

material 1n Illinois since August 1965 to‘eValuate its effectiveness in improving



skid resistance and night visibility of bituminous pavemenhs. Synopal, a
proprietary aggregate made by Synopal Limited, Thisted Denmark is a white
tmineral aggregate produced by melting sand, . chalk or limestone, and dolomite;

and cooling the molten mass to a granular state, "and reheating to'a temperature
close to the melting point.' Individual particles are 1rregu1ar1y cubic'in shape,
have a crushing strength 40 percent higher than granite, and have a Mohs' hard-
ness of 7.5 (quartz ig 7) The aggregate when purchased for this experiment

cost $45 per ton delivered to the jobsite. - . :

Synopal aggregate was included in a bituminous resurfacing contract - on

US 66, a four lane divided highway, south of Pontiac in Libingston County. The
:test site begins at the junction of Illinois. 116 with US 66, and extenda 4 miles.
in the southbound roadway. The first of three test sections which is l‘mile'
1ong, is a Class I bituminous concrete surface with Synopal replacrng 25 percent

| . B

by volume of the limestone coarse aggregate. The second test section l mile
long, is a regular Class I bitumirous, concrete, and separates the two Synopal
1test sections. The last- test section, 2 miles long, 1s.a Class 1 bitumirous |
concrete surface with Synopal replacing 50 percent by volume of the limestone

'coarse aggregate Synopal replaged limestone on a volume instead of a weight
basis because of the W1de difference in their specific gravities .
| The materials and the construction procedures used to place the new_sur1
face met the requirements of Section 46, Bituminous Concrete Surface Courses,
Fine Dense-Graded Aggregate, Class I, of the Standard. Specifications for‘Road :
and Bridge Construction adopted January 2 1958, The composition ofgthe‘three
mixtures‘is-shown in Table 1, As indicated by the sieve anaiysis, the gradation

of Synopal is uniform in siae . Also, the asphalt content requirement increased

as the amount of Synopal used increased
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TABLE 1

TYPICAL EXTRACTION TEST RESULTS OF BITUMINOUS CONCRETE MIXTURES WITH SYNDPAL
AT PONTIAC '
(Sampled Behind Paver)

Sieve Size . Percent Retained (by welght)
o Control 25% Synopal 50% Synopal

Passing Retained Limestone Synopal Limestone Synopal TLimestone
1/2 inch  No. 4  40.2)5g 4 12,0 4 30.7)¢q 7 23.3 + 20.6) 55
No. 4  TWo., 10 17.97 1.6 + 17.4) 3.5 ¥ 11.3)7
No. 10 . No. 40 19.0) 15.9) , 15.6)
No.. 40 No. 80 7.4)32.6 6.0)27.5 7.1)29.6
No. 80 No. 200 6.2) 5.6) 6.9)
No. 200 - 4.7 5.6 5.8

Bitumen 4.6 5.2 5.9
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A Blaw-Knox_PF-lBD paver with‘electronio leveling controls actuated by a
. 20=foot multi-ahoelski'riding over the completed binder course placed the
‘surface course. Immediately following the paver, two three-wheeled rollers
' and a pneumetic tired roller compacted the surface. The contractor encountered
no difficulties during construction
In 1971 the average daily traffic volume at the test site was 14,000 which

‘was equally divided between both directions of travel The total volume ccn-
sisted of 10,700 passenger cars, 1 050 single unit trucks and 2,250 multi-unit
'trucks As of June 1971 26, 5 million axle passes have eccumulated in. the traffic
.1ane as compared to 7 5 million axle passes accumulated in the passing lane.

' Skid tests that were made in July and Hovember 1969 July 1970 and June
a and November 1971 are plotted against tlme in Figure 1 and against accumulated
axle passes in Figure 2 for beth treffic and pa351ng lanes o[ the southbound road-_
'.way. Skid tests for the traffic lane were not obtained in November 1971 because
:of a malfunction in the recorder

~In all tests, the {lass I minture-contslning 50 percent Synopal coarge

Jaggregate had the. highest skid numbers (37-42 in the traffic lane) followed by
the Class I mixture containing 25 percent Synopal and the control Class I mix=:
,ture (0 percent Synopal) Moreover, the skid resistance of the traffic lane which
carries 90 percent of the. vehicles, tested G to 12 skid numbers lower than the
' more 1ightly traveled passing lane, Althougﬁ the effect of surface wear on skid
resistance is obvious in Figures. 1 and 2 the cffect of seasonal variatlons also
can be seen. | ' . S | __‘-: ‘ : i

| After 6 yeers service and over 26 5 million exle applications, skid tests
-for this experiment suggest that blending equal parts of Synopal and limestone

coarse aggregetes in a C]lSB I bituminous concrete surface raises the skid registance’

12
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1

of that surface 10-to 12‘skid nunbers above the:cpntrol Class 1 surface con~
._taining crushed dolomitic 1imestone aggregate.- |
On the basis of skia-tests,'en adjective rating for the experimental
mixture containing 50 percent Synopal is accepteble, while the mixture con-
taining 25 percent Synopel is marginal as skid-resistant surface.

Aynopsl Agbestos,_ Limestone, Stone Sand - Chicago

Skid resistance was among four parameters that were measured as a part of

" a research project,to'evaluate the behavior of bituminous concrete overlays
placed over a continuously reinforced concrete'(CRC} pavement. The test site,
which was 6 miies‘south of dhicago‘s.Loop between 51st and 57th Streets, was in
u&;f . the. collector-distributor lanes of the Dan Ryan Expresswayl At this‘location
in 1971 200,000 veh1c1es traVeled dally over four express and two collertor-
distrlbutor lanes in each directlon of the degressed expressway. Of thls total
volume, each coliectdr—distributor iene carriec éO 000 vehicles per day, . of
'Which 12 000 or 60 percent were passenger cars and 8 OOD of-&d percent,
were divided equally between single~ and multiple unit trucks Although.a

o L detailed account of this study, which'lasted 21 months will be given in .another

+

" informa-

”n ‘ : report entitled ”Experimental Resurfacing of the Dan Ryan ExpreSSwey,
; I' _ tion relating only to. skid tests is presented here.

| Bituminous Concrete, Binder andaSurface Gourses, Class I?.cOnforming to
;l' | - Section 406 of the Standard Specifications fOr:Rosd and Bridge Construction and
.;F three modified Class I mixtures conforming to the Special Provisions, were pleced
ag a 2« inch-Lhick surface course by conventional asphslt paving equipment in the
i;s - northbound local lanes dur;ng the fall of 1969, The regular Class 1 mixture con-

tained crushed dolomitic 1imestcne as the princioel aggregate. The three modified

mixtures were (1) a Class I mix using dolomitic limestone sand in place of a

14




natural saﬁd, (2) a Class I mix containing equal parts (by volume) of dolomitic
Limestone and synthetic Synopal coarse aggregates, and (3) a Class I mix having
an asbestos fibexr additive. Typical gradations of the coarse: aggregate used
in each mix are listed in Table 2. The tabulation shows that the gradation of
coarse aggregates in the mix containing stone saﬁd is identical with. that 6f the
regular mix, but that the gradation.of mix containing asbestos is finer than the
.gradation of regular mix. Synopal is a uniformly sized aggregate with 99 percent
of it passing the 3/8-inch sieve and with 97.6 percent of it retained on the No.
4 sieve.
- Mixing formulas for the regular and three modified Class I mixtures are

shown in Table 3.. When the gradations are compared, it is evident that thergrada-
tion of the stone sand mixture 1s the same as the regulér mixture and the asbestos
mixture is finer.thanttﬁe regular mixture. Although the Synopal gradation appears
coarser than the fegul&r Class I gfadation, the 1igﬁter weight Synopal accounts
for this difference.‘ |

Initially, skid tests were made in November 1969 with folluﬁup testiné in
May and November 1970 and again in May 1971, Because tréffic volumes and skid
numbers between lanes were similar, all skid numbers within a test section were
averaged and plotted against accumulated axle applications in Figure 3. ;

If will be note& in Figure 3 that the skid resistance of all surfaces dropped
ffcm.B to 13 skid numbers after passage df 10 million axles. Except for the
Synopal mixture, which began an upward trend after 19 million axles,lthe skid numbers

of the other mixtures contilnued to decline,but at a slower rate, for the remainder

of the study,.

v
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TABLE 2.

TYPTCAL GRADATIONS OF COARSE AGGREGATE - DAN RYAN EXPRESSWAY

Percent Passing (by weight)

Sieve Size Class 1 Stone=-Sand Asbestos Synopal Mix
Mix Mix Mix Synopal Limestone
1/2 in. 100 100 99.0 -
3/8 in. 99.7 99.7 100 99.0 96.7
No. & 31.8 31.8 75.7 2.4 31.8
No. 10 - - 14,1 2.0 -
No. 16 5.4 5.4 - - 5.4
No. 40 ' - - 5.5 - -
No. 50 - - - - -
No. 80 - - : 4.5 - -

TABLE 3.

MIXING FORMULAS FOR BITUMINOUS CONCRETE MIXTURES - DAN RYAN EXPRESSWAY

Sieve Size Percent Retained (by weight)
_ ' Class T Sand-Stone Asbestos Synopal
Pas8ing Retained Mix Mix Mix _ Mix

1/2 in.  No. & 38.3) g ¢ 38.3)g9 ¢ L2.1),. . 48D g

Wo. & No. 10 21.3) 21.3) 35.0)" 12.6)
No. 10 No. 40 15.1) 15.1) 19.3) 12.1)
| No. 40 No. 80 8.7)29.8  8.7)29.8  11.6)37.8 10.6)28.4
| No. 80 No. 200 6.0) 6.0) 6.9) 5.7)
No. 200 5.2 5.2 ' 4.7 5.3
Bitumen (AC 85-100) 5.4 5.4 8.0 5.5
| Asbestos - - 2.4 -

16
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Figure 3. Graph of skid number versus accumulated axles for
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When the regular Class I mix is used as a reference, blending equal parts
of Synopal and of limestone coarse aggregate raised the skid resistance from 3
to 8 skid numbers; substituting stone sand for natural sand had no effect on
skid resistance; but adding asbestos fiber Whicﬁ increased the asphalt content,
and using a finer cparse aggregate gradation loweved skid resistance from 2 to 4
skid numbers.

The reason that the surface containing Synopal is from 6 to 12 skid numbers
higher than the surface containing asbestos fiber can be explained partly by a
difference in surface texture. Cores that were taken from a wheélpath in each
test section and that are shown in the photograph in Figure 4 help illustrate the
difference in texture among these mixtures. For example, hard gritty Synopal
aggregates (7.5 on Mohs' scale) can be seen protruding above the softer worn
limestone aggregates (3-4.5 on Mohs' scale) in the Synopal surface. Consequently,
added 1arge-scaie macroroughness and small-scale microroughness from the Synopal
has raised the skid number of thaﬁ Class I surface.

The rounded coarse texture of both the regular aﬁd the stone sand mixtures
are almost identical. In fact, the skid numbers of both surfaces are nearly the
same and are lower than the skid number of the Synopal mix. As previocusly men-
tioned, substituting stone sand for ﬁatural sand in a mixture had no effect on
skid resistance. This observation that coarse rather than fine aggregate con-
trols skid resistance of a mixture agrees with findings by Burnell and others: 5/

On the other hand, the finer gradation of limestone aggregate combined with
asbeﬁtos and about 2 percent more asphalt produced a rounded fine-textured surface
that was 2 to 4 skid nuﬁbers below the control Class I mix. Furthermore, this

relativély smooth surface definitely falls in the unacceptable range (SN below 30).

18
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Figure 4. TPhotograph of cores showing texture of experimental

surfaces on Dan Ryan Expressway in Chicago.
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In summary, this experiment illustxates that changing both macroroughness
and microroughness of a bituminous surface affects gkid resistance. Increasing
large scale macroroughness improves water drainage while increasing small scale
microroughness improves friction. Improving either one or the other or both of
these textural qualities enhances the skid resistance of a surface. Blending
equal parts of Synopal and limestone coarse aggregates in the dense~graded bitu-
minous mixture, definitely improved the skid resistance of the mix over a Glass
I mix containing only limestone aggregate;

The skid numbers for these three experimental mixtures indicate that the
Synopal mix had a marginal adjective rating while both the asbestos and the
stone sand mixtures had unacceptable adjective ratings.

Slag-Limestone - Troy

When ﬂS 40 east of Troy in Madison County was resurfaced.in 1971, eight
experimental test sections were included in 9 miles of the 16-mile resurfacing
contract. This experiment was designed to evaluate the skid resistanpe of both
air-cooled blast furnace slag and limestone surfaces. Of the eight test surfaces,
three were standard Class T Bituminous Concrete Surface Courses, three were Class
1 Bituﬁinous Concrete Binder Courses used as surfaces, and two were Class 1 Bitu-
minous Concrete Surface Courses modified as a sand asphalt mixture all conforming
to Section 406, Bituminous Concrete Binder and Surface Courses, Class I, of the
Standard Sﬁecifications for Road and Bridge.Construction and to applicable special
provisions of the contract. Individual test sections, which varied from 0.75 to
1.50 miles long, contained limestome, air-cooledblast furnace slag or a limestone=
slag blend as coarse aggregate, natural sand as fine aggregate, and limestone dust

as mineral filler.
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The suggested mixing formula for each mixture is shown in Table 4, and a
comparison of the hot-bin apalysis for each mixture is given in Table 5. Each
mixture as listed in those tables is grouped according to surface course, binder
course, and sand course mixtures. A limestone, a slag and a limestone-slag
blend mix were in the surface and the binder course categories, but only a limestone
and a slag mix were in the sand course category.

These mixtures were machine-laid by conventional methods in May 1971. The
thickness of the courses varied from 3/4 to 1 1/2 inches. At the experimental
site, Route US 40 is a two-lane pavement with an ADT of 2,200 vehicles.

Skid tests on the eight surfaces were made in July and November 1971 and
again in June 1972. At the time of the 1972 tests, approximately 2 million vehicle
axles had passed over the tést su?faces. Since these tests were made rathex early
in the life of the pavement, a speed gradient rather than a weaf curve was chosen
as a means of evaluating their relative performance. To establish a skid number-
speed gradient curve for each mix, skid tests were made at 30, 40, and 50 mph.

The results 6f these tests are shown in Figures 5 and 6. Figure 5 presents
skid number-speed gradient curves according to the type of aggregate used in each
mix, while Figure 6 illustrates skid pumber-speed gradient curves according to the
size of coarse aggregate used in a mixture.

Apalysis of the skid number~speed gradient curves for these gight mixtures
after 2 million axle applications indicates the following:

1. Bituminous surfaces containing slag aggregate generally have a

skid resistance from 5 to 16 skid numbers highex than bituminous
surfaces containing limestone aggregate regardless of the size

of coarse aggregate used in a mixture (Figure 5).

21



SKID NUMBER -

SKID NUMBER

BKIR NUMBER

Figure 5.

TEST SPEED, IN MPH

by type of aggrepate,
2

60~
: (a) Band mixes
40 ""‘-..\‘_“ \ Slag- L -
30” T T g,
TU e Limestone
20 F | )
30 40 . 50
TEST SPEED, IN MPH,
60 ™ T ' : (&) Surface Course mixes
T . mﬁ&ﬁ**ﬁaﬁzh Siag
. . T ™= Slag-limestone
b
40 T — .
: Limestone
30
20 ! ; T )
30 . .40 50
TEST SPEED, IN MPH
60 \ . S .
- _ (¢}  Binder Churse mlxes
535G~ o, T
- Slag
40 = -
] . Slag-limertone
30 ™ Tt e Limestons
20 T 73 1
30 40 50

Ccmp&fiaén of gkid pumber-apged pradient



SKID NUMBER

SEID mga

SKID NUMBER

60 -

~ (a) Slag mixes

50 -
=xme. Surface Course mix
T~ - Binder Course mix
409 ™~ Sand mix-
3G+
20 T ¥ T
30 40 50
TRST SPEED, IN MPH
_604_ (b) Slag-limestone mixes
-.._,___..‘ .
50 - T
\ \«‘
Surface Coursde mix
40 ~
Binder (‘Iourse mix
30 ~
f
L |
20 T T ' T i
30 40 , 50 '
TEST SPEED, IN MPH
60 ~ (¢) Limestone mixes
50 «=f
40 = T
Surfeace Course mix
30 Binder Course mix
Sand mix
20 .

TEST SPEED, IN MPH

Figure 6, )mpar':i..uon of skid number-speed gradient by size of

(oarse aggregate. -

25



2, Comparative tests indicate'that blending air-cooled blast
furnace slag " (6-7 Mohs' scale) with Limestone (34 on
Mohs' scale) aggrégate improves the skid resistance of a
bituminoﬁs mi#fure (Figure 5).

3. Reg;rdless of aggregate type, surface course mixeé gave
higher gkid numbers than either sand ox bindgr course mixes
(Figure 6). Apparently, optimum gradation occurred when
approximatély 60 percent of the aggregate was well graded
between the L/2-inch and the No. 10 sieves (Table'E).‘

4. No significant ¢ifference was noted in the skid number-speed
gradient (30-50 mph) among different coarse aggregate gfada-
tions or aggregate types. However, the skid-number-speed
gradients, which ranged from 0.60 to 0.80; tend to represent
fine~textured rather than coarse-textured surfaces.

When planning this study, it was believed that.varying the amount and siﬁe
of coarse aggregate retained above the No. 10 sieve iﬁ a fine dense-graded bituﬁim
noug mixture would cause a change.in mécroroughness or mécrotexture of the surface.

To evéluate texture depth among thé eight text surfaces, meaéureménts were
made by the putity impression method which was originally developed as a means of
makiﬂg texture correction factors for nuclear density measurements; () Fgur
ripresentative impressions were made in the outex whéelpath of each test section.
The average textural depth for all test sections in Table 6 was .033 inch, while
the average textore depth for individual test sections range from a low of .024
inch for thé élag*sand mix to a high of .040 inch for the limestone-slag blend.
Appareﬁtly, such values are typical of demse-graded bituminous concrete because
they are gimilarx ﬁo valuesfapurtmdmy‘Gallaway and by Rose for hot-mix asphélt

concrete. §/ 7/
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TABLE 6

MACROROUGHNESS VALUES AT TROY

Average Texture Depth (Putty Impression) in inches

Sand Surface Course Binder Course
Type Apgregate Mix - Mix _ Mix
Limestone 0.035 0.028 0.032
Limestone-5lag - 0,040 0.037
Slag 0.024 0.032 0.033
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Although the size of coarse aggregate was adjustéd above and below thé
size of coarse aggregate usually found in a Standard Clasg I Surface Course,
tegture depth still showed no significant change as was priginally expected,
However, blending limestone with aif-cboled'blast furnace slég gave slightly
more texture than using either limestone or slag a}one_in a bituminous mixture.

Nevertheless, skid number-speed gradient curves suggest that aggregate

gradation influerces skid resistance, yet when skid number-speed gradients

" . were obtained and when texture measurements were made by the putty impression'

method, no significant trend in macroroughness was noted amﬁng the sand asphalt,
surface, and binder coﬁlses. . i

‘Aithough b;th Mix 4 and Mix 5 are consideredlsand mixtures, the s;agwsand
gfédation,.Mix 5, contains 39,9 pefcgnt coarsge éggregaté retained above the No,

10 sieve as compared to 3.2 percent coarse aggregate for the 1imestone~stoné

sand, Mix 4., This difference may account, in part, for slag sand having a higher-’
”*skld resistance than the stone sand mlx b

o Flgures 7 and 8 whlch ane photographs of the eight surfaces, illustraté
'tgeAdifferEnces in gradntioﬁ among mixtures, These photographs, Whlch were e
~‘taken. at the tlme of the second series of tests, show the wheelpath portlon
“f.of the pavement from the same camera elevation above the gurface. The photo-

:“graphs_verlfy the difference in gradatlon‘betwéen slag_sand.(Mix.S).and stone
sand (Mix 4),7Which aré bath cénsideredrfinéfﬁexturéd ﬁixturas.' As can bé
seen In Figure‘Y,rthgrlimestqne has a much tighter Su;face and correspondingly
has a lower skid_nuﬁbér. | | |

The vesicular natﬁfe of the slag éggregate, which ié illustrated in the

photogfaphs of the surface course and bindef course mixes,'enchanCes the,,.
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microroughness of a pavement surface. Also, as mentioned previously, blending

elag with limestone slightly improves macroroughness which provides botier
water.darinage and, consequently, better skid resistance.. |

This study indicates that adjustipg the size and amount of coarse aggre-
éate in a fine, dense—graded bituminous mixture does little to change orlto
improve the macroroughness (drainage) of that surface. "Even though slighf
1mprovements are possible they Would.be insufficient according to Gallaway
and others because slight amounts of preeipitatlon will result in watetr depths
above_texture peaks of smooth- or fine-textured (0-0.04_ip.:texture depth)

surfaces, and poor drainage will result.. 7/ However, Bohman reported drainage

.can be achieved by placing an open-gréded plant-mix seal surface over a fine

dense-graded surface. 8/

RESULTS - SINGLE TEST SECTTIONS

- Test results for 51ng1e experlmental surfaces at 14 dlfferent sites are

.reported in thlS section. Each site, which has a different or a 51m11ar experi-

mental surface, is exposed to different traffic volumes. and environments A
deseription of each experimental site is presehted here along with an evaluation
of its skid-resistant qualities.

Crushed Gravel - Danville

A crushed siliceoue,gravel was-used as the principa1 eggregate in a dense~
graded bituminous concrete mixture placed in Danville on‘Route Tllinois 1 at.
the ineersection of Third Street; This experiment coﬁsisted of 300?foot,test
sections placed omn the approaches to a sigealized intersection. At this iocation,
fllinois 1 1is a foernlane, undi@iﬁed street with a traffic volume of epproximapely‘

20,000 vehicles per day.
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This experimental mix conformed to Section 406 of the Illinois Standard
Specifications for Bituminous Concrete Binder and Surface Courses, Class I,
except as Follows: .(1) the coarse aggregate requirement was deleﬁed, (2) the
gradatioﬁ of the fine aggregate was modified to allow for larger gsized particles
of the crushed gravel, and (3) the coarse sand was required to be Type C in
which the particles have an angular shape. The gradation of the crushed gravel
aggregate is given in Table 7, and the composition of the mixture is presented
in Table 3.

The mix was laid by conventional machine methods to a nominal compacted
thickness of 1/2 inch in June 1969. The following September the surface was
initially skid tested after having been exposed to approximately one milliomn
axle applications. The results of the tests on the crushed gravel mixture are
shown in Figures 9 and 10, with skid number plotted as a function of time of
year and as a function of vehicle axle applications. 1In the 2-year period that
this pavement has been monitored, the skid number has remained generally between
30 and 40. The most noticeable txend in the skid resistance of this mix is its
seasonal variation. Tests made in spring or in early summer indicated higher
skid resistance than those tests made in the fall. The higher skid numbers most
likely are the result of the roughening and cleansing of the pavement surface
during the winter months when abrasives are used for ice control. The use of
studde& tires during the study period was insignificant.

After 10 million vehicle axle applicatioms, the skid resistance of the
crushed gfavel'mixture is in the marginal performance range of 30 to 36. However,
because the mix is at an urban intersection where vehicle speeds are about 25 mph,

the skid resistance of the mix probably is adequate for the demands at this site.
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TABLE -7

| TYPICAL GRADATION OF CRUSHED STLICEOUS GRAVEL - DANVILLE .

Sieve Size , ' , ' ‘ Sample
pagging _ Retaimed (Pexcent Retained by Weight)
1/2 inch  No.. 4 ' Liy .3
No. 4 WNo. .10 o . . 51.2

No. 10 No. 40
No. 40 No. - 80
No. 80 No. 200
No. 200 =

o ==K
W= R

TABLE 8

 TYPICAL COMPOSITION OF BITUMINOUS CONCRETE WITH CRUSHED SILICEOQUS GRAVEL "~ DANVILLE

Sieve Size : o , Percegt.Retaiued by Weight

_ g S Extraction
Pagsing Retained "Plant Report .. (Behind Paver)
'1/2 inch  No. 4 o 14.8)s59.1 . 19.1) o
No. & No. 10 - . : 44.3)59 ' ' - 39.3) 584
No. 10 No. 40 : _ 16.7) L 15.7)

Wo. 40 No. 80 9.4)30.8 , 8.8) 30.1
No. 80 No. 200 . £.7) _ 5.6)
No. 200 - . P R -PE

Bitumen (AC 70-85) ' o | 5.4 : 5.4
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Figure 10, Craph of skid number versus accumulated vehicle axles

gravel mix at Danville.
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Ramflex Mix - Glen Ellyn

| A bitumlnous concrete mixture containing dolomitic limestone aggregate:
“and a reclaimed 1ubber additive called Ramflex was placed on Msin Strect in the
'Village of. Glen Lllyn. This experimental installation is spproximately 2 miles
long and is located iu a residential neighborhood. Main Street is a two-lane
pavement'witﬁ an average dailly traffic of 8,000 vehlcles and a posted speed
limit of 25 mph. | |

Tﬁe Class.I bituminous_concrete mi# modified with Ramflex conforms to the-

Illinois Standard Specifications except ttat the Special Provisions required the
.addition-of vulcanized reclaiued rubber intended for use with aspﬁslt and aggre-

gate for paving. In this application Ramflex was added.at the rate of 8!pounds

per ton of mixture. 4 typlcal gradation of the Ramflex additlve is showu below-

Sieve Size R " Percent REtaln (By Welght)
' S Specification -

Passing  Retained Limits Sample:
o - No. 4 0 -~ Trace 0.6
. No. & - No. 8 8 - 27 ' 20.6
 No. -8 . No. 12 ~8 - 35 o 10.2!
" No. 12 No. 20 13 - 42 . : 25.8
No. 20  ° No. .35 13 - 35 ' 23.2;

4

,No.‘ 35 - - 18 19.6

The Rsmflex m1x was machlne lald to a nominal thickness of.l lnch.iu Qctober
of 1968, Typical extraction test results of the bitumlnous concrete mleure‘are
presented in Table 9 -Located within the 2-mile test section was a 1, 000 foot
length of regular Clsss I mix which was used as a control section for comparat1Ve
, purposes. The regular Class T surface was one lane wide and was placed by an
ssphslt'paver to a nominal thickness of 1 inch. |

Initial skid tests were made on the Ramflex and the regular Class I mixtures
in November of 1969. At this time the pavement had been exposed to nearly three

milllcn vehicle axles. Subsequent tests were msde in Msy 1971 and August 1972.

The results of lhese skid tests are given below.
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TABLE 9

TYPICAL COMPOSITION OF BITUMINOUS CONCRETE WITH RAMFLEX RUBBER - GLEN ELLYN

Sieve Size Percent Retained (By Weight)
Extraction
Passing Retained Plant Report (Behind Paver)
1/2 inch  No. & 32.2) 31.9), 537
No. 4  TNo. 10 2.6y o*+8 21.8)
No. 10 No. 40 13.5) 17.0)
No. 40 No. &80 15.9) 34.8 13.3) 35.0
No. 80 No., 200 5.4) 4.7)
Ne. 200 -—— 4.3 . 4.9
Bitumen¥* 6.0 6.4

% Tncludes Ramflex rubber additive.
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Number of Skid Number '

Date of Test Axles (Millions) Ramflex Class.I
November 1969 2.8 28 29 .
May 1971 | 7.0 37 34
August 1972 - 10.5 36 - - 34

Although the initial tests were low for both the experimental and the

.control mixtures, later tests suggest that after seven million axle passes the

skid resistance of both surfaces has railsed to and}is maintaining a marginal
level. |

ﬁormally, Ramflex‘is'added to a:bituminoushmixture to modify the behavior
of the asphalt binder as temperature changes. Apparently, adding Ramflex to a
mix does not significantly affect the skid re51stance of the pavement surface
Although it does not increase the skid resistance of the pavement equally impor-

tant_is_the fact that it does not act tp lower the skid number substantially.

'Stone Sand - Odell : _ : , ' |

ADT of 13 000 vehicles,

A bituminous hot-mix sand seal containing stone sand (llmestone) as the

' prlmary aggregate was placed on Route US 66 at Odell Road near Odell in Livingston
County. The mix was placed on the approaches to the 1ntersection for a distance

‘of 300_feet to the north and to the south, At this s1gnalized intersection, Route

Us 66 is a.four-lane divided highmay.with a posted speed limit of 45 mph and an

r

This. experlmental anti-skid mix conformed to the Standard SpeCiflcations

except that stone pand (limestone) was specified as the aggregate and that the

_gradation was modified Ho produce a fine mix, 99 percent.of the aggregate passed
.the No. 4 sieve (Table 10). A fine mix was considered desirable-for the place-
ment of a thin overlay The composition of this mix is presented in Table 11.
 This material which was placed in November 1970, was machine laid and was com~

pacted to a nominal thickness of 1/2 inch.

37 .




TABLE 10

TYPICAL GRADATION OF STONE SAND - ODELL

Sieve Size

3/8 inch

No. 4

Ne. 10

No. 40

No. &0

No. 200

Percent Passing. (By Weight)
Specification
Limits Sample
100 100
93 + 7 99
75 £ 10 82
30 + 7 32
13+ 7 8
5+ 2 &

TABLE 11

TYPICAL HOT-BIN ANALYSIS OF STONE SAND MIXTURE - ODELL

Sieve Size : Sample

Passing Retained ‘ Percent Retained (By Weight)
3/8 inch  No. 4 0.9) 1.1

No. I3 No. 10 15.2)

Ne. 10 ~ No. 40 44.7)

No. 40 No. 80 21,5) 70.2

No., 80 No. 200 4.0)

Bitumen 70-85 6.5
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Initial skid tests were made in December 1970. At that time, the surface
had been subjected to approximately 400,000 vehicle axles in the traffic_lanes
and to approximately 100,000 axlés in the passing lanes.

The results of the skid tests made on this stome sand mix are given in
Figures 11 and 12 which show the skid number as a function of both time of year
and number of vehicle axles. The skid test measurements indicate that the stone
sand mix initially had a high skid resistance, but as the surface became worn,
the skid number decreased to the marginal performance range of 30 to 36 in the
traffic lane.

When the skid numbers for the traffic and the passing lanes are compared
on the basis of the time of year when the tests were conducted, the passing lanes
appear to have consisten£1y better skid resistance. This is, in fact, true omly
because of the difference in traffic volumes between traffic and passing lanes.
When the‘skid numbers for the lanes are compared on the basis of the vehicle
axle applications in Figure 12, thé reduction in skid number in the passing lanes
is following the same trend as that in the traffic lanes. As the munber of
vehicle axles in the passing lanes approach the three million mark, skid resist-
ance of the péssing lane is expected to level off in the same range as that of
the traffic lanes. For the stone sand mix at this loecation, the majority of the
wear has taken place within three million vehicle axle applications, and the

addition of two million more axles has not significantly affected the skid number.
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SKID NUMBER, AT 40 MPH

SKID NUMBER, AT 40 MPH
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Figure 11. Graph of skid number as a function of time for stone
sand mix on US 66 at Odell,
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Figure 12. Graph showing decrease in skid number with accumulation

of axle passes for stone sand mix on US 66 at Odell.
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Stone Sand = 25th Avenue at Fisenhower

A bituminous hot-mix seal coat containingrstone sand (limestone) as the
primary aggregatelwaa piaced on the 35th Avenue structure over the Eisenhower
Expressway in Cock County. The bridge carries a four-lane undivided roadway
with an ADT of 23,00b,vehic1es, and 25th Avenue has a speed limit of 35 mph.

The hot-mix‘seal coat conformed to the‘Standard Specifications or Class
I Bituminous Concrete With the provision that stone eand‘be used as the primarp
aggregate, The specification 1imits and a typical gradation forlstone sand are
presented in Table 12. Results of an extraction for the mix are given in.
Table 13. |

 This mix was machine laid to a nominal thickness of 3/4 inch in October

1969, and initialrskidftests were made in November.of the same pear. At that
time‘the southbound trafficulane had been exposed to about 800,000 vehicle aules,‘
while the northbound‘traffic lane and both paaﬁgng.lanes hadzﬁeen exposed to
about 300,000 axles. | |

The results of skid tests for this mix are1shown in Figures 13 and 14, and

-indicete a marginai skid resistance in all lanes except,the southbound traffic

- lane, which is acceptable. The southbound trafflc lane exhibits the same wear

behavior as the northbound traffic lane but is consistently about 10 skid numbers
lower than that of the northbound lane.

The reason for a greater number of vehicle axles in the southbound than

othe northbound 1anes in Figure 14" 1s the traffic-flow pattern at this site,

which is a partial cloverleaf interchange for the Eisenhower Expressway The
traffic pattern is such that a11 southbound vehicles headed for Chicago 5 Loop
pass over the experimental surface as they proceed to the southbound interloop

ramp which joins the easl bound expresswayi_but returning vehicles leave the
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TABLE 12

TYPICAL GRADATION OF STONE SAND - 25TH AVENUE

Percent Passin By Weight

Specification
Sieve Size Limits Sample
3/8 iﬁch 100 : 100
Yo. 4 85 - 100 100
No, 10 65 = 95 82.7
No. 40 15 - 40 28.6
Yo. 80 5~ 20 14.4
No. 200 1 - 6 6.7
"TABLE 13

TYPICAT, EXTRACTION TEST RESULTS OF STONE SAND MIXTURE - 25TH AVENUE

Sieve Size
348 inch
No. &
No. 10
No. 40
No. 80
No. 200

Bitumen (AC85 - 100)

Percent Passing (By Weight)
(Sample Behind Paver)

100
99.2
9% .2
36.9
18.4

8.2

6.9
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Figure 13. Graph of skid number versus time for stone sand mix at

25th Avenue over Eisenhower Expressway.
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Figure 14, Graph of skid number versus accumulated axle passes. for:

stone sand mix at 25th Avenue over Eisenhower Expressway.
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expressﬁay by the northbound outer ramp which merges with 25th Avenue beyond

the experimental erea; That portion of traffic destined for Chicago constitutes
,epproximately one half.of the volume in the southbound traffic lane. Conse-
ouently, the wear io this lane is approximately twice that of the northoOuod
lane.

No explanation for the initial difference in skid numbers between the
northbound aod southbound traffic 1anesfwas obtained from the data. Yt is
speculated that the mix placed‘in the sodthboond‘traffic lane may Have been
somewhat richer in asohalt content.

Stone Sand w/R-504 - Cermak at 25th Avenue

A stone sand bituminous concrete mix with a rubber additive was placed
on the Cermak Road structure over 25th Avenue in Cook County. The Cermak Road
structure carried four und1v1ded lanes over 25th Avenue with a posted speed

limit of 35 mph and has an ADT of 23 000 vehlcles

This bituminous hot-mix seal coat'conforms to the Standard Specifieations
| .

[

for Cless I- Bltumlnous Concrete except that stone- sand (11mestone) was uused as
the principal aggregate and that a rubber additive was specified in the upec1al
Provisions. The tubber additive, manufactured by Firestone Tire and Rubler.
_Comoany-under the.trade name_of'R—SOA, is an uovulcanized synthetic 1iqéid
rubber and constitutes 0.4 percent (by . weight) of the total mix. - A typical
gradetlon of stone sand is shown in Table 14 and the composition of the mix
igs given in Table 15. |

Thig rubberized sdnd mix was machine laid to a nominal thickness of 3/4

inch. ‘The material was placed.in October 1969 and was skid tested inltlally in -

November of the same year. At the time of?the first skid tests, the traific lanes




TABLE 14

TYPICAL GRADATION OF STONE SAND WITH R-504 RUBBER = CERMAK ROAD

Percent.Passing (By Weight)

Specification
Sieve Size Limits Sample
No. 4 100 100
No. 10 . 90 - 100 94.9
No. 40 : 50 - 80 60.1
No. 50 80 15 - 40 23.3
No. 200 5~ 10 2.5

' TABLE 15

TYPICAL EXTRACTION TEST RESULTS FOR STONE SAND WITH R-504 RUBBER -~

CERMAK ROAD

' -8ample
Sieve Size (Percent Passing)
No. A ' 100
No. 10 897.6
No. 40 65.4
No. 80 31.7
No. 200 ' 5.6
Bitumen 8.3
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had been subjected to 800,000 vehicle axles, whereas.the passing lanes had been
subjected to nearly 300,000 axles.

The results of the skid tests on the rubberized sand mix are shown in
Figures 15 and 16, which give the skid number as a function of the time of year
tested and as a function of the number of vehicle axles passing over the site.
When the surface was mew, its skid resistance was acceptable, but as the number
of axle applications approached 3-4 million, the skid number entered the marginal
range, which is a skid number between 30 and 36, The skid number then remained
relatively constant through additional axle applications exceeding the 10 million
mark. In the summer of 1972‘when_the site was last observed, the thin stone sand
surface was in excellent condition; only two small areas less than one half
square foot have exposed the underlying paﬁement.

Natural Sand = DUrbana

A patural sand asphalt hot-mix was placed on two residential streets in
the City of Urbana as experimental mixes in their street maintenance program.
Engineers in Urbana who were experimenting with thin™ bituminous_ovériays for
street maintenance requested skid tests on the sand asphalt mixes. The sand mix
was placed on Pennsylvania Avenue and on Crystal Lake Drive, both of which have
25 mph speed limits and have relatively low traffic volumes. Pennsylvania Avenue
has an annual ADT of 700 vehicles, and Crystal Lake Drive has an ADT of 350
vehicles.

The sand mix used at these sites was designed such that 5 to 10 percent of
the aggregate would be retained on or above the No. 4 Sieve. The natural sand
in the mix was Type A, which is a rounded type particle, and a typical gradation
of the sand is given in Table 167 The composition of the total mix is given in

Table 17 which is a typical hot-bin analysis for the natural sand asphalt mix.
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TABLE 16

TYPICAL GRADATION OF NATURAL SAND - URBANA

Percent Passin By Weight

Sieve Size Fipne Sand Coarse Sand
1/2 inch 100
No, .4 _ 04,8
. No. 10 _ 100 82.0
No. Ab 98 | 26.1
No. 80 . 1.8 2.8
No. 200 ' o 2.7 1.1
TABLE 17

TYPICAL ‘HOT-BIN ANALYSIS' OF NATURAL SAND ASPHALT MIX - URBANA

Sieve Size ’ ‘ Plant Report

Pagsing Retained : (Percent'Retained)
1/2 inch No. & 3.9) 154

No. 4 No. 10. : 8.7) 7

Yo. 10 No. 48 _ 64.1)

No. 40 No. 80 13.8) 79,3
‘No. 80  No. 200 1.4)
No. 200 ' 1.6

Bitumen (AC 85-100) 6.5
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The mix was placed at a nominal thickness of 3/4 inch by conventional
methods in November 1969 and was first skid tested in October 1970. Within
this period, the test site on Pennsylvania Avenue had been subjected to above
250,000 vehicle axles while the site on Crystal Lake Drive had been subjected
to about 120,000 axles. The results of skid tests at test sites on Crystal

lake Drive and Pennsylvania Avenue are as follows:

7 Date of Number of Skid Number, 40 MPH

Location Test Axles (Millions) EB WB
Cyrstal Lake Drive 10-70 0.12 57 53
9-71 0.23 57 57

10-72 0.38 60% 58%

Pennsylvania Avenue 10-70 ' 0.24 58% 58%
9-71 0.47 55 58

10-72 0.69 60 59

% Tests conducted at.30 mph adjusfed to 40 mph

Although the. accumulative number of vehicle'ailes that have passed over
both sites is still feiatively low, both sites have maintained acceptable skid
numbers in the high 50's for nearly three years since placement.

Natuxal Sand - Effingham

A dense-graded bituminous concrete mixture with natural sand as the aggre-
gate was placed on Route US 40 east of Effingham. At this location, Route US 40
is a two-lane, rural highway with an ADT of 5,000 vehicles.

This experimental mixture, which is a modified Class I surface coﬁrse, con-~
forms to the Standard Specifications fow Road ﬁnd Bridge Construction, except that
the Special Provisions deleted the use of coarse aggregate and prohibited the use
of stone sand or stone screenings as fine aggregate. The natural sand used in the

mix was Type A which is a rounded type particle, and a sample gradation of the sand
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. used may be seen in Table 18. The use of a fine round sand aliowed construction
of a 1/2—inch—thick overlay with good workability. The composition of this mix
is ﬁresented in TaBle 18.

Iﬁ addition to the sand wix, a regular ﬁlass i sﬁrfaé#'coqrse mix'including
a natural sand (Type A).as fine aggregate was placed at a nominal thickness of
11/2 iﬁches adjacent to the experimental test seétion for comparative purposes,
As canrbe seen in Iable,lQ, the composition of the coarse Class I mix carn be
compared with the fine sénd mix. Both mixtufes.were placed in August 19?0 and
were skid tested in September of that same year. When initial skid tests were-
made, the site hﬂd been exposed to approximately 150,060 vehiéle ~axles.

The results of the skid tests made‘on the two overlays are sﬁown in Figures
17 and 18. The measured‘skid n@mﬁers are présen&ed both ds a function of time
andlas a Function of vehicle axles passing over the site,. Initial tests indicated
thét the skid resistance of the sand mix was slightly below the marginal rangelof
30 to 36, but after approximately two“ﬁillibn axles.had'passed aver the wite, the
skia registance had increésed well into'the marginal range.

Results of tests madélon_the régular Cléss I mix also are shown in Figures
17land'18. Ehe skid resistance of this miﬁ clo;ély resembles that of tﬁe experi~
mental sand mix. ,Afper oﬁe and oﬁe-half million axle épplicatidns, tﬁe ukid
res%sfance of the Cléss I miwaegan Eo increase as did ﬁhe.skid resistance of
the's5nd mix. 'Tﬂis incfease in slkid fésistance may be the-result of the traffic
“exposing thé aggregate at the surface.

Tﬁe skid resistance of the ekperimental sand mik,_in géneral, is'nﬁt.sign;fi~
cantly better than that of . the regulaf Claés I mix preéently'being ﬁsed.. The
sand mix may'providersufficient skid resistance at lo¢ations wﬁere vehicle speeds

are below 35 mph. At higher speeds the skid resistance most likely would be




TABLE 18

TYPICAL GRADATION OF NATURAL SAND - EFFINGHAM

Percent Passing (By Weight)

Sieve Size Fine Sand Coarse Sand

No. 4 - 100

No. 10 ' 100 -

No. 16 - . 67.4

No. 40 _ 82.5 -

No. 50 - o 19.0

No. 80 38.4 -

No. 100 - 2.2

No. 200 ' 6.9 -
TABIE 19

TYPICAL HOT-BIN ANALYSIS OF NATURAL SAND ASPHALT MIX « EFFINGHAM

Sieve Size , Percent Retained (By Weight)
Passing Retained Class T Conirol Sand Mix
3/4 inch 1/2 inch 1.7)

1/2 inch No. 4 34.8) 60.7

No. 4 "No: 10 24.,2) 9.9

No. 10  No. 40 | 14.0) 37.4)
No. 40 No. 80 14.4) 33.4 26.1) 74.2
No. 80 No. 200 5.0) 10.7)

No. 200 4.2 8.2
Bitumen (AC 70-85) 4.7 7.7
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inadequate, which generally is true of mény fine mixes. Fine-texltured mixes
have lower skid resistance at higﬁer speeds Dbecause the fine texture of the

surface provides insufficient water drainage necessary for satisfactory skid
resistance.

Taplsable - Aurora, Champaign

A sand aspholt mix contalning an additive called Tapisable was placed as
_an experimental mix in the cities of Auvrora and Champaign. The same specifica-
tions and special provisions were used for the mixtures placed ;ﬁ each city.
Of the several experimental sections placed, ten were chosen for testing, eight
in Aureora and two in Champaign. The length of each test section varied ais did
the traffic volume present at each site. All of the sitgs chosen werellopated
on residential streets Qith average daily traffic volumes that rangé frﬁm 200
!to 5,000 vehi&les per day.
The aggregate in the Tapisable mix is a blend of natural sand, limestone
screenings; and mineral filler, all of which pass thé No. 4 sieve. According
to the manufacturer, liquid Tapisabie when  added to a bituminous mixture con-
taining 6 to B percent asphalt provides high workability and affinity of ﬁhe
aguhalt binder for the aggregaté and goéd adhesion between.the éverlay and the.
existing surface. Also, the manufacturer claimed that a tack coat is unnecessary
) mosﬁ asphalt surfaces ?rior té applying the Tapisable mixture.
This e#perimental.mix conforms to the Standard Spegifications for Class i
bitumiﬁgus concrete except that the gradastion of the aggregate was modified to
provide for a finer mix aﬁd that the addition of the liquid Tapisshle was speci-

fied. The gradation of the aggfegate specified is as follows:
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Percent Passing

Sieve Size - (By Weight)
No. = & 100
o S . , - No. - 10 . 65 -~ 90
b R ‘L "Wo, 20 o 40 -~ 80 ..
- | | o, . 40 025 = 60
No. 80 o .10 - 25

No, 200 .. o 6- 10
Tapieablé was plécad fitst at one 10cationtih Auroré-in'1966;_-1n;Méy 1967
‘the City of Ghampdlgn placed a 3/8-inch-thick overlay of Taplsable ot tw0 resi-
dentlal streets. Three years later, in OctobEL L97O the ¢ 1ty of Aurora piaced
:faptsable at:several-locatlont tnrnughouL:the Qlty The mix was placed by con-
.f,venticnal mﬂchlne méthods lh Champalgn, whereas in Aurora the mix was placed by

t:three_different'methods; a motor grader.equlpped w1th;a_5preader box a Layton

*fpaver (non-so propel‘ed Ljp?) avd a c01anLfonal machlne paver

Skld test ior TaplbabTe m’k@b 1n Champalgn are qhown in F1gures 19 and 20,

'?[and in Aurora are. prtsented in flgure ?L The pVLmary dlff rence bPLween Lhe

"f_tw0 51tes 1n Champalgn 3s the nnnbtr of vehlcfe axle appllcatlons. TheuGreencroEt;
':_slte carrled a much 1ow LraLFLc volume than the oangamon DflVe 51te as can be
':,seen 1n Flgure 20 “Lhe Tap;sable had an 1n1t1al skld numbel near 60 yet.after

‘“”slx mlillon ayle app Lcatlonu tne Skld number rematned ln the h;gh 40 5.

Simllar pe1f0;manc9 is. seon 'in qkid tests in Aurora The tests for alL
fincatxonq dle p’ottpd on -one glaph to better 111uulrare the effect of axle

'”ffaﬁplitatiouq on Lhe sxid number As ?t Champatgn, the skid numbers at Lhe Aurora

: "hircs nre inltial y neaxr 60 but as- L&e numer of axlé PESSES-@CCumulated toward

-_,.-"_‘—:"

one million .the skid number dOLTCﬂSE£ ta 40.

At both AuroLa and Champa:gn, Tai sab]e has given atqeﬁtable perfotmancer'

with Us'maﬁy-as six million vehlcle axl‘ applicaricns - Tests éﬁggest.that the

- skid number of Tapisable mixtures shouldf not depteaSe;muchtbelow qogwhen traffic

" volumes afé_lesstthanzi;ooo.vehicles'ber day, oo o R
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Trap Rock = Decatur

Trap rock was used as the primcipal aggregate in a dense-graded bitumi-
nous concrete mixture placed at three signalized intersections along Route US
36 (Zldorado Street) in downtown Decatur. At 2ll three intersectionms, Eldorado
Street is a four-~lane, undivided street with an ADT that varies-from 20,000 to
27,000 vehicles. In this commercial area where the prevailing speed limit is
25 mph, the trap rock mix was placed on the approaches varying from 140 to 400
feet bgck from the intersection.

This experimental mix is a modified Class I surface course conforming to
the Standard Specifications except for the following Special Provisions: (1)
the requirement for coarse aggregate was deleted, (2) fhe fine aggregate was
required to be a blend of traﬁ rockic and natural sand, and (3) the gradation of
the aggregate was modified to provide a greater percentage of fine aggregate.

The trap‘rock used in this mix was a crushed granite~dolomitic stone derived
as .a by-product ffom the extraction of lead and zinc ore and was obtained from
Iron Mountain, Missouri. The.gradation of the trap rock is given in Table 20 and‘
the composition of the total mixture is'giﬁen in Table 21.

The mix was laid by a conventional paver to a compacted thickness of 1/2
inch in June 1969 and was skid tested in September of the'same;year. At the time
of these first tests, the pavement had been exposed to‘vehicle axle passes
ranging from 1/2 to 1 1/2 million.

Skid tests of the trap rock mix are shown in Figures 22 through 27 and
indicate skid numbexs generally varying from 30 to 40. -All three of the inter-
sections showed similar variations with respect to the time of year tested. This
variatiqn, as seen in the Figures 22, 24 and 26, is related more to seasonal varia-
tion than to the numbexr of axle applications. Apparently,'mixes containing trap

rock are not influenced by wear as much as other softer aggregates.
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TABLE 20

TYPICAL GRADATION OF TRAP ROCK MIXTURE - DECATUR

Percent Passing (By Weight)

‘ Specification

Sieve Size Limits Sample

3/8 inch 100 100

No. 4 95 - 100 100

No. 10 85 « 95 81.8
* No. 40 10 = 30 19.7

No. g0 0 - 10 5.3

No. 200 0- 5 1.1

TABLE 21

TYPICAT, HOT-BIN ANALYSIS OF TRAP ROCK MIXTURE - DECATUR

Percent Retained(By Weight)

Sieve Size Specification .
Passing 3 Retained Limits Sample
'3/8 inch No. 4 0‘,:',1‘5) 3-15 0 )46
No. 4 No. 10 : 3-=15)" 4.6)
No. 10 No. 40 35 - 75) 31.3)
No. 40 No. 80 5 « 20) 60-90 30.6) B82.9
No. 80 No. 200 3 - 10) 21.0)
No. 200 3- 9 6.0
Bitumen (AC 70-85) 5.5- 7.5 6.5
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Figure 22. Graph of skid number versus time for trap rock mix at Van Dyke
and Eldorado Streets in Decatur.
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Figure 23. Graph showing effect of accumulated axles on gkid number for trap

rock mix at Van Dyke and Eldoradc Streets in
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Figure 24. Graph of skid number versus time fox trap rock mix at Broadway and
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Figure 25.. Graph showing effect of accumulated axles on.skid number for:trap

rock mix at. Broadway and Eldorado Streets in Decatur.
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Figure 26. Craph of skid number versus time for trap rock mix at Jasper and
Eldorado Streets 1in Decatur.
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Graph showing effect of accumulated axles on skid number for trap
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vock mix at Broadway and Jasper Streets in Decatur.
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The effect of the season of the year or possibly the temperature of the
pavement at the time of the test_aﬁpears to have a greater influence on these
tests than does the effect of axle applications. This is most evident in
Figure 24 where the skid number for each lane increases and decreases rather
uniformly with the time of year tested, Wheréas no distinct pattern exists when
skid number is given as a function of vehicle axles. Moreover, the Wide varia=-
tion in skid tests made during May 1970 and shown in Fiéures 22 and 24 resulted
when a prime coat applied to Eldorado Street between intersections contaminated
the intersections.

On the basis of skid tests made at these three intersections, a fine-
textured bituminous concrete containing trap‘rock as an aggregate has an adjective
rating that varies from ﬁarginal to acceptable, deﬁending on the time of the year
Whén the surface is tested. ‘Although some skid tests are marginal, they are ade-
quate for operating speeds (25 mph) at these sites.

Trap Rock with Rubber - Lincoln

An experimental bituminous mix containing a Missouri trap rock and a liquid
rubber additive was placed on Route US 66 at Fifth Street near Lincolmn in Logan
County. The mix was placed on both the northbound and the southbound approaches
to the sipgnalized intersection, and the length of each overlay was 700 feet. At
this intersection, Route US 66 is a four~lane divided highway with a posted
speed limit of 45 mph and with an ADT of'13,060 vehicles.

This mix conformed to the Standard Specificaﬁions for Class 1 Bituminous
Concrete except that the Special Provisions specified the use of txap rock as the
principal aggregate (Table 22) and the use of a rubber compound called R-504 which

is manufactured by Firestone Tire and Rubber Company. The liquid rubber additive
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ig an unvulcanized virgin synthetic rubber and constitutes about 0.3 percent
(hy welght) of the solids of the total mix. The composition of this trap rock
mixture is presented in Table 23.

The mix was placed 3/4-inch thick by machine methods in May 1967 «and was

first skid tested in Qctober 1969. At the time of the initial skid tests, the

- [
rraffic lanes had been exposed to ten million vehicle axles while the passing

lanes had been exposed to three million axles.

The results of the skid tests made on this rubberized trap rock mix are
presented as a function of skid number versus time and skid number versus traffic
volume in Figures 28 and 29, Initially, the mix had acceptable skid resistance,

but as the number of axle passes 1ncreased the skid resistance decreased to a

‘marginal level. The passing lanes exhibited a consistently hlgher skid number

which is due prlmarily to the lower number of axle applications in the pao31ng
lanes as compared to thg traffic 1anesf

During the November 1971 tests, & sharp drop in skid number was noted in
the northbound lanes. Visual imspection revealed that reason for the low skid
numbers was that asphalt had been.spilled extensively ovex the surface, eliminating
surface texﬁure in the wheelpaths.' The foliowing winter and spring, vehicular
trakfic wofe away the contamination, énd by the following summer skid reéistance
of that surface had been restored to its formér level.

This mix has maintained accéptable skid resistance in the passing lanes

_ For over four vears while accumulating over six millien vehicle axles. The skid

rosistance in traffic lanes, however, drbppéd to the marginal level because the
traffic lanes weve exposed to the passage of over 20 million axles during the
same four-year perlod, and if the mix were placed at a locatilon where vehicular

speeds are below 35 mph, then skid resistance should be acceptable even with the

high traffie volume,
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TABLE 22

TYPICAL GRADATION OF TRAP ROCK = LINCOLN

Percent Passing (Bv Weight)

Specification
Sieve Size Limits Sample
No. 4 100 ' 100
No. 10 90 -~ 100 92.4
No. 40 50 - 80 52.2
No. 30 15 = 40 30.2

No. 200 5=~ 10 7.5

TABLE 23

TYPICAL EXTRACTION TEST RESULT OF TRAP ROCK MIXTURE WITH R-504 RUBBER

Percent Passing (By Weight)

Specification
Sieve Size Limits Sample
1/2 inch 100 100
No. 4 100 99.4
No. 10 : 90 % 100 91.5
No. 40 50 = 80 45,5
No. 80 15 = 40 20.6
No. 200 ' 5~ 10 4.9
Bitumen (AC 85 ~ 100)plus

R~504 Rubber 6 - 10 8.0
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Figure 28. Graph of skid number as a function of time for the rubberized
trap rock mix on US 66 at Lincoln.
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Figure 29. Graph showing effect of accumulated axles on rubberized trap

rock mix on US 66 at Lincoln,
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Gripstop - Cicero at I1l. 83 : |

A modified Kentucky rock-asphalt mix called Gripstop was placed on Route
*Illinois 50 (Cicero Avenue) at Route Illinois &3 inCooQ County. Thio installa-
. tion coﬁefs all four lanes of the north log_of the intersection and_extends

" approzimately 500 feet northlof the intersection. With this arrangement, the
southﬁound-lahes oflthe test site carry traffio approacﬁing the signalized
1ntefsection; whereas the northbound lanes carry the traffic which is leaving
ﬁhe intersection. The foux -lane undlvided pavement has]an annual ADT of 21,000
.Vthc]es

A material lmpregnated sandstono used’in-preparlng \Gripstop was mined in
Kentucky Prlor to shipping the material to Illanls éherproducerlcrushed and
processed it to prov1de a more unlform asphalt content ' The sandétone contained
about & 1/2 percent natural bitumen and was enrlched by tho contractor w1th.an
additional 5 1/2 percent asphalt. Test results of an eLtractlon of the mix are
_‘glven in Table 24 ! | | ; ' | i

The mix was laid by conventional methoos to arcompocted thlckneos of .

1 inch. .This ekperimental anti-gkid mix was ploced in October of 1968, and the
first skid oests oere made in Novembef of‘1969. Duriog the year that elapsed
oetween the date the pavemenf‘was.opened to trafflc and the date it was skld
tested each of the traffic 1anes had been exposed to over four mllllon vehlcle
‘axles and each of the passing lanes had been exposed.to over three million axles.

The results of the skid tests made on this gsand asphalt mix are”shown as’
skid‘numbers versus the time of year in Figure 30 and as skid numbers versus the
number of vehicle axles in Figure 31. Overall, the Gripstop retained satlsfau—

tory skid resisﬁance‘fof over ten million axle passages in 2 1/2 years. Both

'traffic lanes exhibited simiiar behavior in which the skid resistance showed a



TABLE 24

TYPTICAL EXTRACTION TEST RESULTS OF GRIPSTOP MIXTURE -
CICERTO AT I11. 83

Percent Passing

Sieve Size ' Sample
1/2 inch 100
No. 4 98.4
No. 10 92.8
Yo. 40 77.9
No. 80 18.9
No. 200 6.1
Bitumen (85-100) 8.5
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Figure 30. Graph of skid number versus time for Gripstop on Cicero Ave. at
111 83.
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Figure 31, Gréph of skid number versus accumulated axles for Gripstop on
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slight increase before leveling off at a skid nhmber of 42. The passing lanes
_started somewhat higher than the traffic lanes,'and although the southbound
passiné-lane eventually reached the skid resistance level of the. traffic lanes,
the norhtbound passing lane continued'to show an increaSe in skid resistance;
This mix shows little tendency to polish as the skid number is still
above 40 after over ten million axle passes 1ir the traffic lanes. Research.work
in studies-of Kentucky_rock-asphalt in other states also indicates the resistance
of this- mix to polishing |
No consistent nor significant difference in skid resistance is evident
between those 1anes which serve a&s an approach to the intersection and those
which are exposed to traffic leaving the intersection. The braking action of
the vehicles approaching the'intersection apparently does not 1ncrease the rate
©at which the aggregates polish in this mix. While this mixture has maintained
an adequate skid resistant surface tnroughout the test period the wear character-
1stics of the mix have been less than de51rableufor the traffic at- this location
-By November 1972, three years after placement, vehicular traffic had Wworn through
the surface in the wheelpaths of the traffic. laaes. The results of this 51ng1e

1nstallation indicate that the use of Gripstop as a skid corrective measure is

limited to-low traffic volumenlocetions. g ﬁ
Wet-Botiom goiler Slag s . Coh

Experimental bituminous concrete mixtures, with wet-bottom b011er slag as
the principal aggregate were placed at two locetions in the State to improve skid
'resistance The first overlag was placed on tha roadway - across Spaulding Dam in
Springfield and the other was placed at the imtersection of US 66 and Ill 47
near Dwight Both of these mixtures conformed swo the’ Standard Spec1f1cations for

3o
‘ Road and Bridge Construction except that wet- bOttom boller slag was spec1fied as
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‘the principalmaggregate; The composition of these mixtures was very similar
as can be seen in Table. 25. | !

The slag mix in Springfield was.placed in May 1966 on a two-lane-pavement
carrying an ADT of 5, 600 vehicles. Passenger cars eccount for 95 percent_of
.the daily traffic at this location At Dwight the slag mix was placed on all
ifour approachee to the intersection in May 1971 At this signalized inter-
- gsectlon, US 66 is a four-lane divided highway with an ADT of 14 200 vehicles .
;and I1l. 47 is a ‘two- lane highway with an ADT 'of 4,800 vehicles

Skid tests were made on the Spaulding Dam mix in June_l971 and on the.
-Dwight mix in July 1972, The results of. these tests are tabulated in Table 26.
A comparison of the skid numbers for these two mixtures shows how vehicnlar
. traffic at a specific site can influence skid?resistance | The.slag mix on the
Spaulding Dam pavement has an acceptable skid number even though the surface’
;wes more than five years old when tested "The same-type of slag mix placed
riear Dwight has marginal skid numbers and thensurface was only one year old
when tested. This marked difference in’ skid mesistance may be attributed to
the ampunt and difference in the composition of traffic volume. As mentioned
previously, the Spaulding Dam'carries 1ess than five percent truCk traffic,
'whereas the Dwight traffic (on US 66) consists of 25 percent trucks -Moreover,
contamination caused by more traffic at Dwighm 1eaves less chance for. weatherlng
to cleanse‘the surface In contrast the 1ighter traffic at the Spaulding Dam

'location allows weathering to play a larger role in maintaining satisfactory

- skid resistance.- o ' ’ Y
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TABLE 25

TYPICAL. EXTRACTION TEST RESULTS OF WET=-BOTTOM BOILER SLAG MIXTURE

Percent Passing (By Weight)

" Sieve Size Spaulding Dam Dwight
1/2 ineh 100.0 100.0
3/8 inch 100.0
No. 4 99.4 96.5
No. 10 80.2 8L.6
No. 40 36.6 32.6
No. 80 12.3 16.0
Wo. 200 5.4 4.9
Bitumen 6.9 6.4

TABLE 26

RESULTS OF SKID TESTS - WET-BOTTOM BOILER SLAG MIXTURE

Location

Spaulding Dam

Dwight (US 66)

Dwight (I11.47)

Date of

Test

6-71

7-72

7-72

Direction

EB
WB

EB
EB
WB
WB

NB
5B

Traffic

Number of Axles Skid
Tane (Millions) Numbex 40 MPH
Traffic 9.3 40
Traffic 9.3 40
Traffic 6.4 31
Passing 1.7 43
Traffic 6.4 30
Passing 1.7 37
Traffic 2.4 35
2.4

31
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DISCUSSION ' - . A

Surface roughness, commonly referred.tolas_texture, according to Kummer
and Méyer'plays an important role in provididg adequate skid resistance of any
wet surface. 2/ Obviously, coarse-textured or open-graded surfaces allow for
better drainage between the tire and the wet:surface than do fine~textured
stirfaces. When vehicle speeds are less than 35 mph, both fine- and coarse-
textured surfaces are adequate but when vehicle speeda exceed 35 mph, coarse- . °
textured and open-graded surfaces maintain better contact between the tire and
the pavement than do fine textured surfaces.pra pavement contact is 1ost the
_ vehicle‘tends to hydroplane, particularly as its.speed approaches and exceeds
5o mph. | . | y

Because texture‘plays such an important role in skidding, all‘experimental-
bituminous mixtures presented here first were; diVided into either sand»asphalt
or snrface and binder course categories and then were ranked according to their
'adjective rating which was previously descrihed. ‘These. comparisons which are
presented in Table 27, are based solely on skid resistance; no attempt has been
made to compare their relative merits based on’. structural behavior or construc-
tion costa. A quick glance at Table 27 reveais that hard and gritty aggregates5
generally prevail over soft polishing aggregates in providing adequate skid
| resistance. This trend reinforces what Kummey and Meyer have reported.

When aeVeral experimental mixtures are placed at one site, they are easy to
compare, but when an experimental mix placed ﬁt one site is compared with another
_experimental mix placed at a different site, vthey are more difficult to compare
because of differences in traffic volumes, id climate, and in pavement geometry
and alignment which all affect skid resistante in varying degrees. For example,

- the skid number of a rural highway which haa;an Average Daily Traffic (ADT) of

Bt
TSN
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TABLE 27

SUMMARY OF SKID TEST ADJECTIVE RATINGS FOR EXPERIMENTAL BITUMINOUS MIXTURES

No. of
Type Accumulated Adjective
Type Mixture Location Axles x 106 Rating
Sand Asphalt Mixtures
Gripstop Urban- intersection 10 Acceptable
Tapisable - Champaign Urban Street ) Acceptable
Slag Sand - Troy Rural highway 2 Acceptable
Tapisable - Aurora Urban Street L Acceptable
Natural Sand - Uxbana Urban Street 0.5 Acceptable
Trap Rock / Rubber Rural iptersection 20 Marginal
Trap Rock Urban Street 10 Marginal
Stone Sand ~ 25th Ave. Urban Street 10 Marginal
Stone Sand / Rubber-Cermak Urban Street 10 Marginal
Stone Sand = Odell Rural intersection 5 Marginal
Stone Sand - Troy Rural highway 2 Marginal
Natural Sand~Effingham Rural highway - 2 Marginal
Wet=Bottom Boilder Slag Urban Street & Rural 6 Marginal
intersection
Bituminous Concrete Binder and Surface Course
Synopal, 50 percent-Pontiac  Rural highway 26 Acceptable
Slag, Surface course mix Rural highway 2 Acceptable
Slag-Limestone surface Rural highway 2 Acceptable
course mix
Slag, binder course mix Rural highway 2 Acceptable
Slag -Limestone, binder Rural highway 2 Acceptable
course mix
Synopal, 50 percent - Dan Urban Expressway 28 Marginal
Ryan
Synopal, 25 percent-Pontiac  Rural highway 26 Marginal
Crushed Gravel Urban intersection 15 Marginal
Ramflex, crushed gravel / Urban Street 7 Marginal
rubber
Class I / asbestos Urban expressway 28 Unacceptable
Class I / stone sand Urban expressway 28 Unacceptable
Rating Skid Number
Acceptable Above 36
Marginal 30 - 36
Unacceptable Below 30
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1,000 may be higher and may fluctuate mors-becahse of weathering and seasonal
changes than the same surface placed on an urbsn expressway which carries an
ADT of 200,000 and whose surface is rapidly WOrs and continucusly cbntaminated.
Likewise, curves aﬁd intersections generally wear faster than the open highway
because drivers turn, deceiefate, and accslerate‘their vehicles at these ioca~
tions instead of driving st a constant speed as thsy do aloung an open highway.
The more all of these fsctors are alike at different test sites, the easier it
is to compare differences in.experimental mixes:

By holding the number of accumulated axlefpasses and the type of location
for test sites similar, reasonably good ccmparisons between or among s#perl-
'mental mixtures can be expecvted to show how: aggnegate type or gradstlon or addi-
tives affect skid resistance. In this discussion, comparisons are made among
natural and syntﬁetic aggfegates and sggfegate_%leﬁds. 4lso, the effect of
changing aggregate gradation is examined by observing changes in skid number and
the effect of adding rubber or asbestos to a mix is presented.
§and Agphal; Miges | _ BRI

A comparispon among limestone stone ssnd mﬁxes, whlch are at four different
sites in the State, indicates 11tt1ediffersncemn reported skid resistance. |
Although the surfaces had different initial skid numbe;s, ;anging.from the upper SO's

ts the lower 30's, they all hsvs‘reachsd‘s marginal'skid number 1evsl (30_td 36)
after accumulating from two to three million axle passes. The gradstioss of aggre-
'gstes'st_the 25th Avenue and the Cermak Road sites are gimilar But.vary'slighsly

- from tﬁe'Troyiand‘Odell sites. Although the mik af'Cermaﬁ Rssd contains a rubber
additive, no siénifiqant influence of the rubbé& additive was reflected in skid

' numbers obtained rsgently from these surfaces.%

TERS
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Likewise, adding a rubber compound to the trap rock mix did not affect the

skid resistance of that mix significantly. This can be seen by comparing the
mix (without rubber) at Decatur to the mix (with rubber) at Lincoln, as both
mixes have marginal skid resistance after accumulating ten million axle passes.

Trap rock mixes, unlike stone sand (limestone) mixes, generally have shown
little loss in skid resistance because of wear and polishing, but tests suggest
that their skid resistance fluctuates more seasonally than stone sand mixes.

Skid test results suggest that sand asphalt mixes containing natural
sands usually have higher skid numbers than mixes containing manufactured sands.
Referring again to Table 26, two exceptions are apparent; one is the sand mix
at Effingham and the other is the slag sand at Troy. The Effingham mix which
has a marginal skid resistance contained a fine, rounded natural sand which could
be placed easily as a one-half inch surface but resulted in a tighter, smoother-
textured surface. The reasons that slag sand gave such a high gkid number are
that the slag sand is coarser (approximately 40 percent was retained on the No.
10 sieve as compared to 2 high of 16 percent for otﬁer sand mixes), and thét slag
has more microroughness than either stone sand or trap rock.

Even though each surface is exposed to a different amount and raté of wear,
the influence of aggregate type ﬂeccmes evident as axle passes accumulate.
Initially, Gripstop, Tapisable, Slag, natural sand,.trap rock, and stome sand
all had acceptable skid resistance, but after two million axle applications, trap
rock and stone sand dropped to a marginal level. As the number of axle passes
reached five million, the skid resistance of Gripstop and Tapisable continued to
drop but they still maintained an adequate level of skid resistance, while trap
rock and stone sand leveled off and continued to maintain a marginal level of

skid resistance. Skid tests measured on Gripstop, stone sand and trap rock after
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ten million axle passes suggest that the earlier trends established after five

million applications have continued, and that other mixes which have not yet

reached ten million applications can be expected to behave similarly.

Surface and Binder Couxrse Mixes

For surface course mixes, the Synopal mix at Pontiac was compared with
the Synopal mix at Chicago. Although both mixes contained 50 percent (by volume)

Synopal coarse aggregate, have similar aggregate gradations, and have been exposed

to at last 26 million axle passes, the surface at Pontiac consistently has had a

skid resistance up to four skid numbers higher than the Chicago site.

The lower skid number at Chicago possibly is related, in part, to surface
contamination from passing vehicles and to the larger number of heavy trucks using
the'expressway. With higher expressway traffic volumes at the Chicago site, oil
and fuel dripping from passing vehicles accumulated so rapidly that very little
benefit appeared to be derived from the cleansing action of precipitation. More-
over, for approximately the same number of axle passes, the Pontiac site was
exposed to weathering 35 months as compared to 21 months for the Chicago site.
This longer exposure to weathering elements, in addition to lower traffic volumes,
may be another factor which has contributed to the higher skid numbers at the
Pontiac site.

Incidentally, skid tests made at Meigs Field in Chicago where an airport
runway was :esurfaced with bituminous concrete containing 50 percent Synopal
aggregate, top size 3/4 inch instead of 3/8 inch, gave an average skid number
in the middle 60's, which is at least 20 skid numbers higher than those obtained
at either the Chicago or at the Pontiac sites when they were new. Using larger

Synopal aggregate in a bifuminous mixture increases not only macroxoughness, but
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also microroughness of that surface which, in turn, raises its skid resistance.
The benefit of improving both macroroughness and microtexture is quite evident
from this comparison.

Tn the same sense, the air~cooled slag mixes at Troy, all of which are
weltl within the adequate skid redistance range, merit discussion even though
they have been exposed to only two million axle applications. The vesiculax
sature of air-cooled slag, which gives a frictional quality to the aggregate,
enhances skid resistance. This is apparent when comparing a binder course slag
mix to a binder course limestone mix (Figure 8). Because most of the surface
represents exposed coarse aggregate, the skid resistance measured on that sur-
face reflects mostly the friectional properties of the exposed aggregate. The
skid resistance of the slag surface was 15 skid numbexs higher than the lime-
stone surface, and clearly indicates the benefit of an aggregate having micrb-
roughness.

Furthermore, the Troy experiment suggests that there may be an optimum
coarse aggregate gradation that gives a higher skid number for dense~graded
bituminous mixtures, at least for speeds up to 50 mph. This relationship was
‘seen previously in Figure 6 where sand mixes have the lower skid mumbers, the
surface course mixes have the higher skid numbers, and the bhinder course
ﬁixes have intermediate skid numbers. Within the limits of these tests, the
aggregate gradation used in Class I bituminous concrete surfaces appears to be
near the optimum macroroughmess for dense-graded bituminous concrete mixtures

placed in Illinois.
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As'previously mentioﬁed in the results cf the Trby experiment, the skid

resistance of the slag and the slag~limestone surface course mixes was nearly

the ;amé. The reason‘for thig is believed to be related to aggregate grada-
tion. As can be séen‘in Table 5, the slag mix is f;ner with less material
retainea above the No. 10 sieve than the othgr two mixes. The épecifications
for slag aggregate called for a gradation from 3/8 inch to dust. ‘If thié speciF

fication were changed to reqﬁire a gradation from 5/8 inch to dust, the amount

‘and distribution of aggregaté retained above the No. 10 sieve should be more

. nearly like the other two mixes. Correspondingly, a high skid resistance would

be expected. iy
. Crushed gravel was substituted for limestone as coarse aggregate in a-

Class I sﬁrface mix at Danville. This surface has been in service for at least

three years and has carried ten million axle dpplications since it was placed.: ..

- This crushed gravel mix has shown little, if smy, loss in skid resistance since

it was placed. Im fact, the little variationnthat has occurred came from

seasonal fluctuations.

'_‘When coarse aggregates like éynopal or stag are blended with iimestone in
a bituminou; mixture, theylraise the‘skiﬁ reshstance (macroroughneés) of the
‘surfaﬁe above a surface containing oniy limestone, Corresponding;y, blenﬁing

crushed graﬁel with limestone in a Class I suxrface mixture'showé.promise as a

- means of increasing its macroroughness and, at the same time, raising its skid

resistance, Skid'numbgrs obtained from a crﬁshgd gravel-limesﬁcné bituminous

mix placed on a LéSalle Couhty highway, wheré traffic volumes équal 500 vehicles-
per day énd weathéring is apparent, range frém 55 to 65. However, if this sur-
face were exposed to an average daily tréffig of 10,000, its skid resistance would

be expected to drop but still remain within mn acceptable skid':esistaﬁcé range.

]
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Finally, this study'has proven that more can be learned about skid-
resistant surfaces when several experimental bituminous mixtures are placed

.

at one site than when a single bituminous mixture is placed at several different
| .

: 31tes. A comparison of the behavior of. any bituminous surface is greatly
xsimplified and more meaningful if all of the experimental mixtures are placed

at one geographical location. _With only one locatlon, many important variables

1

that affect skid resistance, such as traffic wolume and composition, time
‘eather, -and contamination, are the same; thus, resulting differences in skid
resistance can be traced directly to a difference in. experimental mixes or to

a difference in. construction methods. Conversely, any comparlson of erperl-
"mental mixes at. various locations ineuitably 1eads to difficultles in sorting
out and in weighing the influence of each factor on the skid re51stance of the _

mixes-involved;_ L "_ S I

RECOMMENDATIONS

After two to four years of field testing, ‘this phase of the research has
'provided useful information that ‘should be c;isidered in de51gn1ng bltuminous
.concrete mixtures for improred skid resistantloualities .The research work
has been concerned primarily with dense gradeé bituminous.concrete‘mixtures and
sand»asphalt mixtures, and with certain typeslof aggregates 1n these mixtures
There are other mixtures and other‘types of aggregates that also can prDVide.very
_satisfactory skid- resistant-surfaces. Recent1nork.w1th openngraded plant mixed
Seals shows these mixes to have excellent Suriace-drainage characteristlcs and
\good skid- resistant qualities. t

,.‘

Within the limits of the work. covered under this study, however the -

_following recommeadations are offered for use in selecting skid-resistant
o ‘ : |1 ‘
mixtures: IR, R

I
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(1)

@

3)

5

(5)

Bituminous concrete surface courses; Class I,- although considered

a fine-textured surface, are. recommpnded over sand-asphalt

mixtures for open highways, particularly where vehicular speeds

C oy
Lo

exceed 45 mph
Hard angular aggregates that have excellent microroughness (gritty
surfaces) should.be used in skid-resistant mixes, Rounded aggre—
gates ‘and aggregates susceptible to polishing should be av01ded
Sand- asphalt mixes may be considered for improving skid resistance
in urban areas and other sites where vehicular speeds do not exceed |

45 mph. Hard, angular,'clean sands that are not susceptible to

: polishing should be used, Tests indicate ‘that Tapisahle, Gripstop,

air- cooled blast furnace slag sand and natural angular sands produce

mixtures that provide satisfactory okid resistance. The wear

“characteristics of Gripstop indicate that it should be limited in

use to 1ocations with reasonably low traffic volumes. Sand- asphalt

' mixes compoSed of 100 percent limestone“sand, which is susceptible

"to polishing, should not be used.

In lieu of complete replacement of soft, polishing aggregates in
bituminous mixtures ‘to produce’ good skid-resistant characteristics,

satisfactory gkid- resistant mixtures can be produced by blending

-7hard polish—resistant aggregates with soft aggregates 1n approx1—

mately equal proportions. : .

Rubber‘additives did not‘improve skid resistance, but they may be

used to modify the physical properoies of the asphalt binder without'

sacrificing skid—resistant qualities of the mixture

R
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